Background: Pregabalin is commonly used to treat patients with various neuropathic pain syndromes. Objectives: The purpose of the present study was to evaluate the efficacy of pregabalin in patients with lumbar or cervical radicular pain. Patients and Methods: A prospective, randomized, double-blind trial was conducted in 39 patients with lumbar and cervical radicular pain, who received 3 weeks of either pregabalin (n = 10) or placebo (n = 9) treatment. Baseline pain and disability were evaluated before the treatment and were re-evaluated, along with overall patient satisfaction, after the 3 weeks of treatment. Results: Data on 19 of the 39 patients recruited were available for analysis. No statistically significant differences in the pain, disability, and patient satisfaction scores were found between the groups. When the individual patient scores were assessed, the placebo treatment was found to be efficacious in 4 of the 9 patients and pregabalin was effective in 2 of the 10 patients, but the difference was not statistically significant (P = 0.350).
Background
Pregabalin is classified as an anticonvulsant drug. However, its use for the treatment of several neuropathic pain syndromes is prevalent, and it is approved by the Food and Drug Administration (FDA) for the treatment of diabetic neuropathy, post-herpetic neuralgia, and fibromyalgia (1, 2) . Neuropathic pain is a well-recognized clinical entity. It is defined as pain caused by the lesion or dysfunction of the peripheral or central nervous system (3) , and it can be diagnosed by wellestablished clinical criteria (4, 5) . Radicular pain (RP) is the pain and paresthesia experienced in dermatomal distribution (6) from the lesion or dysfunction of the dorsal root ganglia (7) . Mechanical compression with or without the local inflammation of the dorsal root ganglia modulates the surface sodium (Na + ), potassium (K + ), and calcium (Ca ++ ) receptors and leads to spontaneous and ectopic neuronal firing (8) . The antidromic spread of these impulses along the peripheral nerves is perceived as pain and paresthesia (8) , indicating the neuropathic origin of RP. The common etiologies of RP include herniated discs, spinal stenosis, and scarring in the epidural space after spinal surgery (9) .
Pregabalin is an analog of inhibitory neurotransmitter gamma-aminobutyric acid (GABA), though it does not bind directly to either GABA A or GABA B receptors. Pregabalin does, however, bind to the alpha-2-delta (α 2 δ) subunit of voltage-gated presynaptic Ca ++ channels and reduce the Ca ++ ion influx (2) . Through this mechanism, pregabalin suppresses ectopic neuronal impulses and could, as a result, be efficacious in patients with lumbar and cervical RP.
Low back and neck pain are common and are a significant source of disability and morbidity in industrialized nations. The prevalence and lifetime incidence of low back and neck pain syndromes is as high as 30% and 100%, respectively (9, 10) . The annual health care costs related to these pain syndromes amount to billions of dollars in the United States alone (10) . Nearly 40% of the patients with low back and neck pain syndromes have RP (11) and, therefore, may be responsive to treatment with pregabalin. The off-label use of pregabalin for the various pain syndromes in general, and for RP in particular, is ubiquitous. However, minimal support for this practice exists in the literature and its cost is perhaps exorbitant.
Objectives
We conducted this randomized, double-blind, placebocontrolled trial to determine the efficacy of pregabalin in patients with lumbar and cervical RP in order to validate or refute this popular practice.
Patients and Methods
All patients between the ages of 18 to 65 years presenting to Northwestern university hospital pain medicine center with the diagnosis of chronic cervical or lumbar RP were eligible for this study (Box 1). To maximize the treatment effect and maintain a homogenous study population, only patients with RP of more than 3 months' duration from herniated disc, spinal stenosis, or failed back surgery syndrome were considered eligible for the study. As most patients presented to our facility for epidural steroid injections, only patients who had persistent pain despite a series of epidural steroid injections within the previous 6 months were recruited. Patients with a history of depression, peripheral neuropathy, addiction, narcotic drug abuse, neurological deficits, workmen's compensation and disability issues, and those with prior gabapentin or pregabalin use were excluded. Patients using strong narcotics such as morphine, hydromorphone, oxycodone, oxymorphone, and transdermal fentanyl were also excluded. Also excluded were patients with any of a host of labeled contraindications to pregabalin use such as known hypersensitivity, history of angioedema, congestive heart failure, and conduction disorder.
The study was approved by the Northwestern university (Chicago, Illinois) institutional review board and was registered with clinicaltrials.gov (NCT-00908375). The study participants were randomly assigned to one of the two study groups. The participants in one study group received pregabalin, while those in the other received placebo. Both pregabalin and placebo were in capsule form and looked identical. (Only 75-mg pregabalin capsules were used.) Patients in the pregabalin group received one pregabalin capsule twice a day for the first week (150 mg/ day) and two pregabalin capsules twice a day (300 mg/ day) for the subsequent 2 weeks. Patients in the placebo group received the placebo pill in an identical manner. The overall duration of the treatment was 3 weeks. The pregabalin and placebo capsules were prepared by the pharmacy staff, all of whom were otherwise uninvolved in patient care. Randomization was computergenerated, and the study coordinators and participants were blinded to the treatment group. The pharmacy staff dispensed the assigned treatment with the label "study drug". The double-blinded nature of the study was maintained until the last patient was recruited. Informed consent was obtained from the eligible patients after the off-label use of pregabalin and its possible adverse effects as well as the likelihood of placebo administration was fully explained to the potential study participants. The study participants completed the baseline study questionnaires after providing informed consent. After completing the 3-week drug trial, the study participants were evaluated by a follow-up clinic visit and completed a second set of study questionnaires.
Response to treatment was evaluated in three outcome domains: pain; disability; and patient satisfaction. Pain relief, the primary outcome measure, was evaluated using the Numeric Rating Pain Scale (NRS). The secondary outcomes of change in disability level and patient satisfaction with treatment were evaluated by using the Oswestry disability index (ODI) and the patient's global impression of change scale (PGIC), respectively. The NRS is an 11-point verbal rating pain scale, ranging from 0 to 10, with 0 signifying no pain at all and 10 signifying the worst pain imaginable (12) . The ODI measures the subject's functional status or disability and contains 10 questions with 0 -5 Likert scale responses (13) . The score obtained is converted to percent disability (total score/50 × 100): a score of 0% to 20% indicates minimal disability (a patient can cope with most living activities); 21% to 40% indicates moderate disability (a patient has difficulty sitting, lifting, and standing and, therefore, has limitations with travel, social life, and some vocational activities); 41% to 60% indicates severe disability (most activities of daily living are affected); 61% to 80% denotes crippled patients (this level of disability impinges on all aspects of the patient's life); and 81 to 100% indicates a bed-bound patient. The PGIC indicates the patient's overall impression of change over the course of the treatment and is comprised of the Likert scale ranging from 1 to 7, with 1 indicating very much improved, 2 much improved, 3 minimally improved, 4 no change, 5 minimally worse, 6 much worse, and 7 very much worse (14) . Based on the previously validated criteria, a 2-point decrease in the NRS score, 10% decrease in the ODI score, and a score of 1, 2, 5, and 6 on the PGIC were considered significant clinical change (12) (13) (14) .
The sample size was determined based on the primary outcome variable, the NRS pain score. Based on the results of the study by Siddall et al. (15) , group sample sizes of 19 and 19 achieve 82% power to detect a difference of 2.000 between the null hypothesis that both placebo and pregabalin group means are 6.500 and the alternative hypothesis that the mean of the pregabalin group is 4.500, with estimated group standard deviations of 2.100 and 2.100 and with a significance level (alpha) of 0.05 using a two-sided two-sample ttest. The data are reported as mean and standard deviation, median and range, or number and percent. Baseline pain and disability as well as pain, disability, and patient satisfaction at 3 weeks were compared between the groups using the Mann-Whitney U Test. Baseline pain and disability were compared within the groups with pain and disability at 3 weeks using the Wilcoxon signed-ranks test. Median differences and the 99% confidence intervals for the differences were determined. The criterion for the rejection of the null hypothesis was a two-tailed P < 0.05, which was adjusted for multiple applications of tests to the same data using the Bonferroni correction.
Results
We screened 268 patients for the study between June 18th, 2009 and August 9th, 2012 ( Figure 1 ). Of these, 109 patients declined to participate in the study, the majority due to personal preference to avoid participating in a blinded trial. There were 120 patients who did not meet the study eligibility criteria and were excluded from the study. The most common reasons for exclusion were current or prior pregabalin/gabapentin use and current use of strong opioids. Thirty-nine patients were recruited in the study: 19 patients in the placebo group and 20 in the pregabalin group. Nineteen of the 39 patients recruited returned for their follow-up appointment: 10 patients in the pregabalin group and 9 in the placebo group, who were included in the final analysis. Ten patients from each group dropped out of the study. Seventeen patients did not return for the followup visit despite multiple phone calls and reminders. Three patients withdrew from the study due to adverse effects: 2 in the placebo group, due to rash and palpitations, and 1 in the pregabalin group, due to the worsening of preexisting migraine headaches.
The baseline characteristics of the study participants are summarized in Table 1 . The groups of patients randomly assigned to receive placebo or pregabalin that completed the trial and those who withdrew from the trial were similar with respect to age, sex, source of pain (lumbar or cervical), prior surgery, and the baseline NRS and ODI scores.
The treatment responses of the placebo and pregabalin groups measured in the domains of pain, disability, and satisfaction with treatment are presented in Table 2 . The primary outcome measure, the NRS pain scores, did not differ between the groups at either baseline (P = 0.886) or at 3 weeks (P = 0.279). Although the median difference between the baseline NRS pain scores and those at 3 weeks in the pregabalin group was only 0.75 (P = 0.375), the median difference in the placebo group was 2 (P = 0.047), which was not significant after adjusting the criterion for the rejection of the null hypothesis. The ODI score did not differ between the groups at either baseline (P = 0.117) or at 3 weeks (P = 0.139). The median difference between the baseline ODI score and that at 3 weeks in the pregabalin group was 10.0 (P = 0.160), while the median difference in the placebo group was 12.5 (P = 0.039), which was not significant after adjusting the criterion for the rejection of the null hypothesis. The PGIC did not differ between the groups (P = 0.282).
The NRS, ODI, and PGIC scores of each patient in the two study groups, prior to and after the 3-week treatment, along with the change in the individual scores are presented in Table 3 and Table 4 . Using the pre-established criteria (12) (13) (14) , only 2 of the 10 patients (20%) treated with pregabalin (Table 3 ) and 4 of the 9 patients (44%) who took placebo had successful reduction in their pain and disability scores and were satisfied with their treatment. Even though twice as many patients in the placebo group had successful reduction in their pain and disability scores and reported satisfaction with their treatment, these differences were not statistically significant (P = 0.350 by the Fisher exact probability test). b Numeric rating scale pain score was evaluated on an 11-point verbal rating scale (0 = no pain and 10 = worst pain imaginable). c Oswestry disability index generated percent disability (total score/50 × 100): 0% to 20% indicated minimal disability (the patient could cope with most living activities); 21% -40% indicated moderate disability (the patient had difficulty sitting, lifting, and standing and, therefore, had limitations with travel, social life, and some vocational activities); 41% -60% indicated severe disability which affected the activities of daily living; 61% -80% denoted crippled patients (this level of disability impinged on all aspects of the patient's life); and 81% -100% indicated that the patient was bed-bound. b Numeric rating scale pain score was evaluated on an 11-point verbal rating scale (0 = no pain and 10 = worst pain imaginable). c Oswestry disability index generated percent disability (total score/50 × 100): 0% to 20% indicated minimal disability (the patient could cope with most living activities); 21% -40% indicated moderate disability (the patient had difficulty sitting, lifting, and standing and, therefore, had limitations with travel, social life, and some vocational activities); 41% -60% indicated severe disability which affected the activities of daily living; 61%-80% denoted crippled patients (this level of disability impinged on all aspects of the patient's life); and 81% -100% indicated that the patient was bed-bound. d Patient's Global Impression of Change indicated the patient's overall impression of change over the course of the study and ranged from 1 to 7, indicating very much improved (1), much improved (2), minimally improved (3), no change (4), minimally worse (5), much worse (6), and very much worse (7) . e Median differences between the groups and their 99% confidence intervals and the P values for the group comparisons by the Mann-Whitney U Test are provided. f Median differences within the groups and their 99% confidence intervals and the P values for the group comparisons by the Wilcoxon signed-ranks test are provided. 
Discussion
The efficacy of pregabalin has been demonstrated in multiple randomized, controlled trials for a number of neuropathic pain conditions such as post-herpetic neuralgia (16, 17) , diabetic neuropathy (18, 19) , fibromyalgia (20) , and spinal cord injury pain (15) . We encountered two previous studies of pregabalin use in patients with RP (21, 22) . While one such trial reported inconclusive results (21), the other reported the efficacy of pregabalin in patients with cervical radiculopathy (22) . The latter trial, however, cited significant study limitations and recommended further evaluation of pregabalin in patients with RP by a well-designed study.
Our study was supported by a departmental research award and, as a result, the financial resources available to conduct this study were limited. Therefore, to maintain a relatively small sample size that would still demonstrate a statistical difference between groups, we targeted only patients that would have the most robust benefit from pregabalin treatment. Consequently, our study eligibility criteria were strict. Based on the efficacy of pregabalin for neuropathic pain and the possible neuropathic nature of RP in low back and neck pain patients, we attempted to recruit only patients with RP. As no objective tests are routinely done to clearly diagnose RP, we limited our study to patients with typical radicular symptoms with spinal etiology most likely to cause RP, viz. patients with herniated discs, spinal stenosis, or failed back surgery syndrome. To avoid false-positive results, we excluded patients with other neuropathic pain conditions. To reduce false-negative results, we excluded patients who were more likely on average to continue to report pain despite treatment benefit, namely depressed patients, patients with opioid or other drug tolerance/addiction, and patients who had disability or who had filed for workmen's compensation. Patients taking powerful narcotics such as morphine, oxycodone, hydromorphone, oxymorphone, and transdermal fentanyl were excluded from the study. We only included patients taking mild analgesics such as nonsteroidal anti-inflammatory drugs, acetaminophen, and tramadol so that any potential benefit of pregabalin was not obscured by strong analgesics. Moreover, as the majority of the patients presented to our practice for epidural steroid injections, we only included patients who had received at least two epidural injections within the past 6 months. Even though the strict criteria adopted in this study may have excluded patients with low back and neck pain who could have benefited otherwise from treatment with pregabalin, we believe the patient population targeted in this study, i.e. patients who are intolerant to opioids with RP that is unresponsive to epidural steroid injections, represents the segment of low back and neck pain patients who had the potential to benefit the most from pregabalin. Our study population, therefore, comprised a small, fairly homogenous target group of patients with chronic lumbar and cervical RP who were randomized to receive a short course of pregabalin or placebo. The results of our study showed no statistically significant difference in the outcomes with regard to an overall improvement in pain, disability, or patient satisfaction between the two groups. Although the differences in the outcomes between the groups were not statistically significant, the results were notable for other findings. A clinically significant (12) decrease in the median pain scores was encountered only in the placebo group: a difference of 2 points for the placebo group compared to a difference of 0.75 points for the pregabalin group. Treatment with both placebo and pregabalin produced at least a 10% decrease in disability, which is considered a significant change based on the aforementioned criteria (13) . Furthermore, neither placebo nor pregabalin treatment achieved a median score of 1, 2, 5, or 6 on the PGIC, which would have been considered a substantial change (14) . Due to the small study size, we analyzed the outcome scores of each individual patient (Tables 3 and 4 ) and determined the success or failure of the treatment based on the pre-established criteria (12) (13) (14) . Using these standards, twice as many patients in the placebo group had successful reduction in their pain and disability and were satisfied with their treatment.
The results of our study, therefore, do not suggest that pregabalin is more efficacious than placebo for the treatment of cervical and lumbar RP in this target group of patients. Even though the treatment with pregabalin was of a short duration and the patients were followed up for only a brief period of time, any trend toward improvement in this group of patients would have been meaningful.
Our study had several limitations, including a small sample size and a high dropout rate. Most of the patients in this study were recruited between 2009 and 2010 and only 1 patient was recruited between October 13th, 2011 and August 9th, 2012. Considering the high dropout rate, we attempted to recruit additional patients over the intended target of 38. However, this effort was abandoned due to budgetary constraints and the extremely slow recruitment rate, especially in the later stages of the study. A probable reason for the slow recruitment and, ultimately, the small sample size was the stringent selection criteria employed. Slow recruitment, especially in the later stages of the study, may also have been due to the increasing number of patients already being treated with pregabalin or gabapentin. Although follow-up data were not available for 20 of the 39 patients recruited in the study, the uniform dropout rate (10 patients in each group) with similar demographic characteristics probably did not affect the overall results of this study.
Despite its limitations, this study is important for several reasons. First, despite its small size, the study results were not indicative of obvious benefit of pregabalin over placebo. These results do not discredit but should discourage the frequent prescription of pregabalin to patients with various low back and neck pain syndromes. Secondly, we were able to randomly assign patients with RP to placebo or pregabalin treatment before the use of pregabalin and gabapentin had become common. The now increasingly common prescription of these medications by primary care providers may preclude a largescale study in the future. Thirdly, it is hoped that the results of this study will lead to a larger, well-controlled, randomized clinical trial of the efficacy of pregabalin in the treatment of RP before such use becomes permanently engrained among pain physicians.
Due to the non-prodigious results of this study, there remains a persistent need to appraise the exorbitant practice of pregabalin use in a large proportion of patients with low back and neck pain. Based on the difficulties experienced with patient recruitment and retention in this study, the following recommendations can be made for a larger wellfunded future clinical trial: 1) include all patients with radicular symptoms irrespective of the etiology; 2) include patients already being treated with pregabalin, gabapentin, and opioids; 4) provide treatment for a longer duration, 3 months, to appropriately gauge any potential benefit, especially for patients already taking this class of drugs, and keep record of the narcotics used; and 5) exclude only patients with documented peripheral neuropathy.
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